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CALIFORNIA UNDER CONTROL 


Lansing G. Simmons 


California has been blessed with many assets: agricultural, mineral, 
scenic, and countless others. It is also well under control. From the latest 
count there are over 12,000 points within the borders of the state for which 
latitude and longitude have been determined by the Coast and Geodetic Survey 
alone. This is about 5,000 more points than the next leading state - Washing- 
ton. There are also about 28,000 miles of first- and second-order leveling 
in California. With this firm foundation of geodetic control, the state is well 
equipped to expand its local surveys and mapping. 

In connection with the geodetic survey of California, the name of George 
Davidson comes first to mind. Because of the sudden influx, beginning in 
1849, of miners, adventurers and all that goes with these, it became a major 
duty of the Coast and Geodetic Survey to provide for the safety of navigation 
by charting the coast and harbors, locating off-lying rocks, shoals and reefs. 

Mr. Davidson, an assistant in the Coast and Geodetic Survey, arrived in 
San Francisco in June 1850 to take charge of the charting of the California 
Coast. It is interesting to note that he received a salary of $800 a year and 
provided his own board, whereas a cook on the same payroll received $125 a 
month with all traveling and subsistence provided. It would seem at that time 
and at that place a good cook was considered to be worth more than two good 
scientists. I think that we all have, at times, agreed with this. 

Professor Davidson was engaged in astronomic work. His first point of 
observation was Point Conception in 1850, one of the most dangerous to navi- 
gation along the California Coast. Astronomic expeditions were formed and 
during the next four years positions were determined at Monterey, San Diego, 
Cape Disappointment, Port Oxford, Neah Bay, the Presidio at San Francisco, 
and about twenty other minor points. 

These determinations were necessarily rough, as there were no telegraphic 
connections with the East Coast for longitude work. Small local triangulation 
schemes were established, but it was to be many years before a systematic 
scheme of connected triangulation was established. 

After the completion of the Union Pacific and Central Pacific Railways, 
along with the telegraphic connection with the Atlantic Coast, it became pos- 
sible for the first time to determine accurate astronomical longitudes on the 
Pacific Coast. The first connection was conducted by George Davidson by an 
exchange of telegraphic signals between the Harvard College Observatory and 
a temporary observatory set up in Washington Square, San Francisco. Mr. 
Davidson had previously taken part in the transatlantic longitude connection 
in 1866 after completion of the new Atlantic cable. 

The original primary triangulation of California extends from Point Arena 
to the Mexican Border and spreads over the crest lines of the coast ranges. 
This early triangulation was established primarily to control the hydrographic 
surveys and the mapping of the coast line. There was no direct connection 
with the eastern triangulation until the completion of the great transcontinental 
arc in 1896. 
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In 1873 Mr. Davidson was in charge of a party that permanently marked the 
eastern boundary of California, north of Lake Tahoe, thus fixing the position 
of the 120th meridian. Between 1893 and 1899, the Oblique Boundary of Cali- 
fornia between Lake Tahoe and the Colorado River was run under his general 
supervision. 

The law required that this boundary be a ‘‘straight line’’ between the inter- 
sections of the 39th parallel with the 120th meridian, and the 35th parallei 
with the Colorado River. As an interesting side light, I would like to bring 
out that Mr. C. A. Schott, then chief of the computing division of the Coast and 
Geodetic Survey, in a memorandum to the Superintendent stated that there are 
eight distinct and different kinds of straight lines between two such points on 
the earth’s surface. Without going into any great detail in the matter, this 
comes about because of the fact that the plumb lines, by which the theodolite 
is leveled, at the two ends of the line are not in the same plane, since the 
earth is an ellipsoid and not a perfect sphere. Mr. Schott calculated that the 
two extreme possibilities will result in a departure of about 6 feet in the 
middle of the line which is about 400 miles in length. The resulting line, 
which was controlled by triangulation, is what might be termed a sort of 
compromise. 

The early primary triangulation in California generally consisted of very 
long lines. In fact, until only recently, the longest line ever observed over 
with a theodolite was 192 miles, between Mt. Helena and Mt. Shasta. This was 
exceeded in 1951 when the Inter-American Geodetic Survey observed over a 
line 214 miles long in the Caribbean area. 

B. A. Colonna, an assistant in the Coast and Geodetic Survey, wrote an in- 
teresting report of his occupation of Mt. Shasta in the summer of 1878. He 
and an assistant spent eight days on top before the smoke cleared and he was 
able to see the sunlight reflected from heliotropes on Mt. Lola and Mt. Helena. 
Mt. Lola is 169 miles distant. Mr. Colonna stated that, through his telescope, 
the reflected light shone like a star of the first magnitude. These three points 
formed an enormous triangle. To close the triangle perfectly, the three 
measured angles would not add up to exactly 180° but 180° plus 2 minutes and 
13 seconds. This beats anything that even Texas can boast of! 

There was a weather-beaten register on top and Colonna took the trouble 
to copy some excerpts which ran like this: 

**1877, June 25 I arrived at the summit in company with R. 

D. Hubbard, guide, at 11:30 a.m. View on west side fair, but totally obscured 
on the east side by clouds. If any one ever catches me up here again I hope 
they will pitch me over into the McCloud River. 
H. J. Todd, Oakland, Calif.’’ 
**1878, July 19 - I hope all fools will reach this place in due time. 
J. E. Putnam, Yreka.’’ 

Triangulating in the early days in California was equivalent to a series of 
geographic expeditions. With railroads and roads either nonexistent or few 
and far between, movement of personnel and equipment was a slow and 
difficult operation. 

As the years went by and the state experienced a tremendous growth in 
population, agricultural industry and everything else, the need for geodetic 
control and mapping became painfully apparent. This process of growth and 
increasing map requirement has continued to the present day and the end is 
not in sight. The triangulation has been brought down from the long lines be- 
tween the highest mountains to short lines in much more accessible places. 
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With geodetic control more plentiful, the accuracy of the topographic map- 
ping has stepped up, until now a program of 1:24,000 scale mapping is in pro- 
gress in certain parts of the state. This type of mapping, done by photogram- 
metric means, is as far ahead of the old reconnaissance type of mapping as 
the modern automobile is ahead of the horse and buggy. A brief history of 
the mapping of California might be of interest. 

The earliest mapping in the state started with the coming of the Spanish 
explorers in the sixteenth century. This activity was confined mainly to the 
coast and possibly a few rivers. These maps were very inaccurate and dis- 
connected. The Coast and Geodetic Survey started the first accurate mapping 
of the coast line, bays, inlets, etc., immediately after the Gold Rush. Topo- 
graphic mapping on a large scale was not commenced until the formation of 
the U. S. Geological Survey in 1879. From that date to the present, mapping 
activity in California has been continuous. The original scale was 1:250,000, 
and this has been increased through stages of 1:125,000, 1:62,500, and 
1:31,680 until the present scale of 1:24,000 is basic except for certain moun- 
tainous and desolate areas where a scale of 1:62,500 is still employed. The 
accuracy of the mapping has increased with the scale and has been made pos- 
sible by the vast extension and breakdown of the control net. 

Although one of the primary uses of triangulation is the control of mapping, 
it is by no means the only use. In our Washington office we receive over 
3,000 requests a year for triangulation data all over the country, and we have 
on our mailing list for automatic distribution over 2,000 individuals and or- 
ganizations. Over and above this, many requests are made directly to our 
field stations, such as the one here in San Francisco. 

To point out the wide use of triangulation data in California, the following 
list of types of organizations requesting data is given: 


Petroleum companies 

The State Highway Department 

Geophysicists 

Reclamation engineers 

City departments of water and power 

Mining surveyors 

The State Land Commission 

Commercial mappers and photogrammetric 
engineers 


An excellent example of the general use of triangulation control is right 
across the bay in Alameda and Contra Costa counties. Initiated by the East 
Bay Municipal Utility District, under the guidance of Mr. W. R. McLean, a 
large cooperative triangulation project involving many towns and two counties 
was carried out in 1946-1947. Up to that time engineers of the East Bay 
M.U.D. had a scheme of their own, but their activities were expanding and it 
was seen that the extension of their triangulation would not hold up to the de- 
sired accuracy. It is for this reason that the Coast and Geodetic Survey was 
brought into the picture. 

Other uses of triangulation control that come to mind are in connection 
with property surveys and in tests conducted by the military establishment. 
The property surveyor has been rather slow in recognizing the value of high- 
order control in his work but there probably are reasons for this. Unless he 
is working on a large scale, the cost of making connections to our triangula- 
tion stations would probably be prohibitive in many areas. As the triangula- 
tion scheme is extended and further broken down we expect to see a general 
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pickup in the use of our work by property surveyors and local engineers. We 
have established here in California two rather extensive triangulation schemes 
for the Department of the Navy in connection with its rock and missle experi- 
ments. One is at the Naval Ordnance Test Station at Inyokern and the other 
at the U. 8S. Naval Missile Test Center, Pt. Mugu. We have just completed 
another small scheme in Owens Valley for the military establishment. 

California is ‘‘on the move’’ in more than one way. Because of relative 
displacements of the earth’s crust due to seismic activity the positions of 
some of our triangulation stations are slowly changing. In order to keep a 
record of these movements we have, for years, maintained a reobservation 
program over the triangulation in regions of activity. 

It was evident back in the early 1930’s that the use of our triangulation 
work by the general public would be greatly increased if it were reduced to 
simpler terms than latitude and longitude. For this reason the state coordin- 
ate systems were developed, and over a period of several years positions of 
ali the adjusted triangulation stations were converted to rectangular coordinates 
within each state system. 

There are two types of projection employed in these systems: The Lambert 
conformal conic and the transverse Mercator. The very names of these pro- 
jections are likely to scare any engineer or surveyor from even thinking of 
basing his work on them. However, in spite of the fact that the mathematical 
theory underlying these projections is quite complex, the user of the rectangu- 
lar systems on which they are based need have no concern whatsoever. 

For the larger states it was necessary to provide a rectangular system 
consisting of more than one zone, since the errors in the projection would be- 
come too large for a single zone, say, for the state of California. California 
was divided into six zones originally, each based on the Lambert projection 
and a seventh zone has recently been recognized for Los Angeles county. 
Anyone working within a zone can carry on his surveys and computations just 
as though he were working on a small local system of rectangular coordinates. 
The advantage of the state-wide system over the local system should be per- 
fectly obvious, since it permits independent operations anywhere in the system 
and still permits the surveys to be correctly related one to another. When 
this work is expanded - whether by one or more organizations - there is 
always the assurance that the various survey projects will join properly. 

There have been some objections to the state coordinate systems because 
of the fact that the grid lengths are not exactly the same as the measured 
lengths on the ground. This is due to two reasons: 1) the triangulation lengths 
have been reduced to sea level and 2) the grid lengths reflect the small scale 
errors in the projection. These objections, however, can be easily overcome 
simply by the application of an easily computed factor which will immediately 
reduce the measured lengths to grid lengths. This correction from measured 
length to grid length is no more difficult than correction for a tape which is 
not quite the right length. There also have been objections to the fact that the 
grid north deviates considerably from the true north, particularly near the 
edge of a wide zone. Again, this problem can be handled very simply, as the 
difference between the grid and true north is very easily determined. It seems 
to me that this is all that matters. 

Much has been said and written on the subject of surveying and mapping, 
particularly in the last quarter century. We cannot get around the fact, how- 
ever, that good maps. based on good geodetic control, can be one of the more 
important assets that we possess. After all, a good topographic map is a 
complete inventory of the surface of the earth which it covers and is the first 
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thing that any engineer looks for when he commences a project of any extent. 
There is no better basic information available than a good map in planning 
the extension of highways, pipe lines, reclamation projects, and countless 
other engineering undertakings. Moreover, the military people in planning 
maneuvers first look to map information and the artillery people are virtually 
helpless without it. The need of an accelerated mapping program cannot be 
overstressed, as most of this audience will agree, and it is hoped that suffi- 
cient funds will be made available in the future to accomplish this program. 

I hope that this paper has not been too repetitious of things you have al- 
ready heard. It has been designed primarily as another plug for the extension 
of good control surveys and the construction of more and better topographic 


maps. 
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